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PROJECT BUGGY GAMMA FALLOUT FIELD 

Abstract 

The gamma radiation ear ly  fallout field of the Buggy Event was measured and 

documented. The radioactive decay of the field with t ime was also followed. Isoemo- 

s u r e  r a t e  contour maps  of the fallout field a r e  presented. Analysis of the information 

collected shows that approximately 3.3% of the gamma-emitting radioactive material 

produced was deposited beyond the a rea  of continuous ejecta in the fallout field. 

Introduction 

The objectives of this phase of the Buggy Event were: (1) to provide ground level 

gamma fallout field measurements for estimating the total gamma radioactivity vented 

and deposited in early fallout; (2) to provide fallout field contours from this test  event 

fo r  u s e  in normalizing fallout prediction models; and (3) to determine whether the 

amount of radioactivity deposited in ear ly  fallout from a nuclear row charge i s  signif- 

icantl y dirferent f rom that resulting from a single cratering detonation. 

BACKGROUND 

Ground surface gamma fallout exposure ra tes  have been measured following 
almost every uncontained tes t  shot since Trinity. The resulting fallout contours a r e  

summarized in Ref. 1 and subsequent publications by the Army Nuclear Defense Labo- 

ratory. P r i o r  to Buggy, only four nuclear cra ter ing events had been conducted by the 

USA which were  useful a s  fallout experiments for cratering. These  were Teapot-ESS. 

Danny Boy, Sedan, and Cabriolet. We eliminated the Jangle Underground Event 

because it was buried a t  too shallow a depth, and the Palanquin Event because of i t s  

abnormal venting. Thus, Buggy i s  a significant addition to our  small  number of exper- 

iments. Also. Buggy i s  unique in being the f i r s t  nuclear row charge experiment. 

F o r  the  Buggy Event, a number of different agencies and laboratories measured 

gamma radiation. All the known pertinent information available from these sources is 

included in this report. The authors served as field coordinates, collected the avail- 

able data f rom the various participants, reduced the raw data. and formulated the 

resul ts  presented in this report. 



Experimental Procedure 

SHOT PARTICIPATION 

Project Buggy was the f i rs t  nuclear row cratering detonation executed as part  of 

the Plowshare Program for developing nuclear excavation techniques. Five nuclear 

explosives, each with a yield of 1.1 kt, were detonated simultaneously at 0904:OO. 111 

PST, 12 March 1968. The explosives were detonated at depths of 135 ft. and were 

spaced 150 ft apart. The experiment took place on Chukar Mesa, Area 30, Nevada 

Test  Site. in a dry. complex basalt formation. Surface ground zero (SGZ) coordinates 

of the end emplacement holes designated as  U30a and U30e were: 

U30a U30e 

NTS grid coordinates: N 821.828.24 N 822,030.76 

E 586,630.95 E 586,069.54 

Latitude: N 37" 0' 26.9605" N 37" 0' 29.0784" 

Longitude: W 116" 22' 11.8817" W 116O 22' 18.7955" 

The line of charges was on a bearing of N 69O 21' 05" W. Ground elevations at  each 
hole were: 

Hole U30 

A B C D E 

Elevation, MSL (ft) 5208.28 52 10.04 52 10.52 5209.47 5208.42 

The principal objectives of the experiment were: (1) to determine nuclear row 
crater  parameters through level terrain in a hard, dry rock: and (2) to determine the 

fraction of radioactivity which escapes the immediate cratercd area. 

The dimensions of the resultant crater  are: 

Apparent .crater width, average (Wa) 254 ft 

Apparent crater  depth, maximum (Da) 69.8 ft 

Lip crest  width, average (Wall 355 ft 

Apparent crater 1 ength (La) 865 i t  

Apparent lip height, average (H l sides a l  41 ft 

Apparent lip height. average (Hal) ends 14 ft 

Apparent crater  volume 262,456 yd3 

Apparent lip volume 422,205 yd3 

The approximate dimensions of the cloud at +72 sec. the time of maximum initial * 
gPOwth, were: 

Base surge diameter 4,500 ft 

Base surge height 780 ft 

Plume height 2.200 f t  

Plume diameter 900 ft 



Gamma radiation exposure rate  measurements in the Buggy fallout fie1 d were 

made by several organizations ueing different detection equipment. 

9 The Reynolds Electrical and Engineering Company (REECo) remote area monitor- 

ing system (RAMS) consisted of 17 units connected by wire to a central trailer at the 

Command Post (CP). The individual stations were Neher-White ionization chambers 
I 

mounted on stakes 3 ft above ground level. 

REECo also deployed 22 gamma intensity time recorders (CITR) throughout the 

fallout field. Each of these stations was self-contained and consisted of a Neher-White 

ionization chamber mounted on a stake 3 ft above ground level, an Esterline-Angus 

recorder,  and a portable gasoline generator. Each recorder semi-logarithmicall y 

plotted exposure rate versus time within a preset range of three decades. 

Lawrence Radiation Laboratory, Livermore placed 45 units of i t s  gamma telem- 
2 etry system at fixed locations. This system consisted of individual stations connected 

to a trailer at the CP via VHF radio. Each unit consisted of an ionization chamber 

mounted on a tripod 4 to 5 ft above ground level and the associated electronics. battery, 

and radio transmitter-receiver. 

REECo mobile radiological safety monitoring teams measured exposure rates  

with hand-held Victoreen Radector AGB-500-B-SR instruments. U. S. Public Health 

Service mobile monitoring teams also made measurements, using primarily E-500B 

instruments; these were outside the Nevada Test Site boundary and at a considerable 

distance from ground zero (GZ). 

STATION LOCATIONS 

Figures 1, 2 and 3 show locations of the REECo stations, the gamma telemetry 

stations of LRL K-Division, the fallout trays of LRL Radiochemistry Div.. the mobile 
monitoring team stakes, and all other pertinent positions where exposure-rate meas- 

urements were recorded. 

The locations of all remote monitoring stations, with the exception of the LRL 

gamma telemetry system, a re  controlled by the requirements of reentry and radio- 

logical safety, and were positioned by theHcalth andsafety Office, LRL-Nevada. The 
* authors were responsible for the location of the LRL gamma telemetry units. 

The technique used to position the gamma telemetry units depended on the pre- 

e dicted fallout pattern, fallout sector, throwout or  ejecta range and base surge radius; 
and also on terrain adaptability, the number of units available, location of other remote 

monitoring systems, and a reasonable minimum exposure rate  value to be detected. 

Reference 3 contains a detailed discussion of the technical and practical techniques 

used in placing the LRL gamma telemetry units. 
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Fig. 1. Buggy far-out experimental station locations. 







DECAY CURVES 

The LRL gamma telemetry system followed the course of the radioactive deca.y 

of the gamma radiation field for slightly more than 100 hours. The REECo system 

was expected to augment these decay measurements; however, the RAMS detectors did 

not function since all the wires to RAMS unite passed too close to GZ and were cut by 

falling rock within a few seconds after shot time. 

Only one GITR station of the 22 deployed produced a trace which was at all 

believable- Even thie was not used because the GITR system measurement6 failed to 

correlate with other measurements obtained during the Cabriolet Event. 

Monitoring teams conducted radio- 

The Buggy early time decay curve, 

Fig. 4, is the nonweighted, arithmetic 

looL average of the log-log normalized decay 

Fig. 4. Average normalized LRL gamma logical surveys following the event. The 

decay curve. technique employed was the standard 

1 1 1 1 1  1 1 1 ,  I  1 , 1 1 1 1 -  - - - - - - - - - 
- 

- - 

curves produced by LRL telemetry units 

4, 12, 23, 30 and 3 1. These five stations 

were selected because they operated un- 

interrupted for more than 100 hours and 

their readings did not fall below the low- 
- est level for which the units were cali- - - - 

i - brated. Each of the five decay curves 
2 - - can be contained within the shaded envel- 
I - ope graphically represented by Fig. 5. 
w - 
e The long-term decay was recorded 
w 
5 1r by repeated hand-held instrument read- - 
n 
0 

- 
P - ings taken at stakes around the crater  
X - 
PI - lip. The average slope for the log-log 
w - 
.- - 
L 

straight line plot of the ten lip stations 
0 - 
U - was -0.9. Figure 6 is a time decay plot 

OI 

of one lip stake location with this average 
0.1 

0.01 
1 10 1 00 

MONITOR TEAM DATA 
Time - hours AND DATA REDUCTION 

- - - - - - - - - - - 
- - 
- - 

I 1 1 1 1  1 1 1  1 I  , t I , , ,  

slope. 

Appendix A contains the time decay 

curves from all LRL telemetry stations 

and the time decay plots for the ten 

crater  lip stake locations. 



FALLOUT EXPOSURE RATE CONTOURS - 
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The fallout pattern contours shown in Figs. 7 and 8 represent isoe~q>osure rate 
levels at a reference time of H+l hour. This representation follows a Convention well 

@ 
established in the literature; it does not mean that fallout was complete at all locations 

one hour after detonation. These figures were drawn using the reduced monitor team 
data presented in Appendix B, and where appropriate, LRL telemetry data. We used 

plots of log exposure rate versus log distance to interpolate between measured data 

point locations to establish contour.locations. Figure 9 is a plot of exposure rate 
versus distance downwind along the pattern "hot line." 
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Fig. 6. Decay at crater lip-Station 3. 

procedure of marking the various roads 
and trails with rad-safe survey monitor 

stakes. Other locations were identified 
F - - 
- - 
- - 

0.01 1 1  1  1  I l l 1  
I , l l l l L L  

by the location of sampling trays. RAMS 
units, GITR units, LRL telemetry 

units, or  distinguishable man-made 

features. 
1 10 100 We have converted each monitor 

Time - hours team exposure rate measurement to a 

common time of H+l hour postshot by 
use of the early time decay curve, 

Fig. 5. Normalized decay envelope. Fig. 4. From these numbers, a best 

estimate of H+l hour exposure rate for 

each geographical location was made. The monitor team readings and reduced data 
are  tabulated in Appendix B. 



Fig. 7.  Exposure rate contours at H+1 hour, in R/hr. 
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Fig. 8. Exposure rates at H+l hour, in ~ / h r .  



Miles downwind 

Fig. 9. Exposure rate  versus distance. 

Miles downwind 

Fig. 10. Total exposure versus distance. 

TOTAL EXPOSURE VERSUS DISTANCE 

The U .  S. Public Health Service placed thermoluminescent dosimeters along 

a r c s  at various distances downwind. Figure 10 i s  a plot of total expoeure versus dis- 

tance along the "hot line" taken from their measurements. The dosimeters were re- 

covered from a few days up to seven days after the event. Thus the exposure 
* represents cloud passage radiation and radiation from fallout deposited on the ground. 

Discuseion 

OBSERVED DECAY OF GAMMA FIELD COMPARED TO 
THEORETICAL DECAY 

The total production of fission products and other gamma-emitting radionuclides 

which made a significant contribution to the g a m m a  radiation field a re  listed in Table 1. 



Table 1. Principal radioactive s An expected (quasi-theoretical) 
avail&le to produce €!&a ra- time decay curve for the fallout field CM 
diation field. a 

be constructed from the information in 

Table 1; such a curve is given in Fig. 11. Atoms at equivalent at 
Nuclide zero time H+l hour When doing this. one assumes a rela- 

tively small amount of fractionation in 
N aZ4 1.1 x 34 the early fallout pattern. For this Buggy 
~n~~ 4.4 X 3 24 mixture of radionuclides, one would b 
w187 1.7 X 5 8 
pb204m expect the observed gamma field decay 

1.0 X 1021 14 to be different from fission products 
Total fission 

products 800 until around H+200 hours. The slope of - 
Total: 1230 the observed curve should depart from 

a the fission product line and approximate 
Ref. 4. 

L the line labeled "total" in Fig. 11. 
U 

- 
One fission ton equivalent i s  that 

amount of radioactive material which Dro- That this was in fact observed to a 

duces the same gamma exposure rate 'in reasonable degree can be seen from 
air  as the fission products from one ton Fig,. 12 md 13. In Fig. 12, the obserMd of fission. 

average decay is contrasted to the decay 
of fission products alone. And in Fig. 13, the observed average decay is contrasted to 

the expected decay of the mixture of fission products plus neutron-induced radioactive 

nuclides. The observed decay i s  seen to follow the decay of the total mixture the most 

closely. At H+100 hours,, the observed decay is not as great a s  anticipated. This is 

probably due to the preferential increase in the relative amount of w~~~ present in the 

mixture and measured by radiochemical analysis. That is, fractionation caused an 

enrichment in the amount of w~~~ in the fallout field. 

CALCULATION OF GAMMA ACTIVITY IN EARLY FALLOUT 

The areas contained within the isoexposure rate contours previously presented 

in Figs. 7 and 8 were measured with a planimeter to yield values of gamma radiation 

exposure rate versus area in square statute miles. This information is plotted in 

Fig. 14; the integration of these data yields the "exposure rate integral." For Buggy. 
2 the value of this integral was 99 R/hr X mi for the area from 0.054 mi2 (continuous 

ejecta area) to infinity (see Table 2): 



Time - hours 

Fig. 11. Expected decay of exposure rate in gamma fallout yield. 



Time - hours Time - hours 

Fig. 12. Observed radioactive decay ver- Fig. 13. Observed radioactive decay ver- 
sus  decay of fission products dus expected decay of fission 
alone. products plus induced radioac- 

tive nuclides. 

Table 2. Values of exposure rate integral. 
-- - -- - - - 

Exposure Exposure rate 
rate Area integral 

(R/hr)  (mi21 (R/hr X mi2) 

0.1 to 0 32.2 to ao 17.9 - 
Total: 99.0 
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FRACTION OF TOTAL GAMMA ACTIVITY DEPOSITED 

In the Buggy Event, within the early fallout field an amount of gamma radiation 

activity equivalent to approximately 40 tons of fission products was deposited. This 

amount is based on the value of 1 kt of fission products, evenly distributed over 1 mi 2 

(statute) of Nevada Test Site terrain, producing an H+l hour gamma radiation field of 6 

2500 R/hr. Since the total gamma radioactivity produced by Buggy was equivalent to 

1230 tons of fission products at H+1 hour, the fraction deposited in fallout was some 
' 

3.3%. The standard deviation of this value is estimated as  roughly *60% of the value. 

Thus, the deposited fraction has a probability of 0.68 of being between 1.1% and 5.3%. 

with the most likely value being 3.3%. 

This deposited fraction for the Buggy row charge detonation is very similar to 

the fraction for single charge detonations under comparable conditions. Both Danny 

Boy and Cabriolet were fired in hard, dry rock a t  roughly the Buggy scaled depth of 

burst. In their early fallout patterns, 4% and 2.6% fractions were deposited respec- 

tivel y. 
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~ i ~ e n d i x  A 
Exposure Rate Versus Time Plots for All Stations 

This appendix contains the individual gamma radiation decay curves from t h e  LRI, 

gamma telemetry units and the gamma decay curves deduced from monitoring team 

readings taken in thc vicinity of GZ (Figs. A-1 through A-26). The geographical lora-  

tions of the telemetry units a r e  shown in Figs. 7 and 8; the unit number designations 

were related to location as given in Table A-1. 

  able A-1. Location of LRL telemetry units. 

Telemetry 
unit number 

Telemetry 
Location unit number Location 

Heliport 

Photo 2 

Bunker (inside) 

Bunker (outside) 

L-27 

L-28 

L- 29 

L- 30 
L-31 

L-41 

L-40 

L- 58 

12-59 

1-65 

1-66, 
1-67 

L- 68 

1-69 

REECo No. 12 

REECo No. 11 

CP 

1-30 

Three and four days after Buggy D-Day, ten monitor stakes were placed around 

the crater (see sketch map, Fig. A-1). Hand-held instruments were used to take mon- 
itor readings at these locations during the next year to provide long-time gamma decay 

information. 



Fig. A- 1. Buggy crater lip survey stations. 
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Fig. A-3. LRL g a m m a  telemetry 
station 5. 
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Fig. A-4. LRL g a m m a  telemetry 
station 6. 
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Fig. A-5. LRL gamma telemetry 
station 7 .  
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Fig. A-6. LRL gamma telemetry 
stations 10, 14. 
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Fig. A-10. LRL gamma telemetry 
station 26. 
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station 20. 
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Fig. A- 12. LRL gamma telemetry 
station 30. 
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Fig. A-14. LRL gamma telemetry 
stations 33, 34. 
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Fig. A- 15. LRL gamma telemetry Fig. A- 16.  LRL g a m m a  telemetry 
stations 38, 40. station 39. 
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Fig. A-18. Crater lip station 2. 



0.01 
10 100 1000 

Time - doys 
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Fig. A-21.  Crater lip station 5. 
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Fig. A-22. Crater lip station 6. 
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Fig. A-23. Crater lip station 7. 
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Fig. A-24. Crater lip station 8. 
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Fig. A-26. Crater lip station 10. 



Monitor Team Readings and Reduced Monitor Team Data 

Tables 33-1, B-2 and B-3 consist of monitor team readings and reduced data 

taken at three locations. In each table the exposure rates  as determined by the moni- 

tor teams and the location and time of the readings a r e  given. .Also listed a r e  the 

exposure rates time-corrected to H+1 hour, using the average decay curve for Buggy. 

Where several readings were made at  the same location, the best estimate is 

given. 

Table B-1. Monitor readings at rad-safe road stakes. 
Time 
aflcr Erpomlwe Corrcctcd Res t  

Skke shot ralr. lo ll+l hour estimate 
loc:;tlion (hr) (mR/t~r) (R/hr) (R!lir) 

1UABI 
lo to 0.05 0.00007 0.00007 

l l lA Stl 1.5 

18A79 2.1 10 0.024 
fi. l 4 . 5  4.oo:i 0.013 

1WAHO 2.4 T3kga Rkc 
6.0 CO. 5 CO. 003 CO.003 

Il:A81 6.0 4 . 5  CO.003 4 . 0 0 3  

Timc 
aitcr Exposure ('orrected IJc!nt 

Stakc shot rnlc. to I1+1 hour ektimutr 
locslion (hr) (rnR/hr) (Rlhr)  Iltlhr) 

l l l A 9 4  2.8 IS0 0.411 
5.7 6 5 0.43 

24.5 20 0.53 
49.4 7 0.40 
7 2 4 0. J4 0.44 

1 AA95 2 200 0.64 
5.6 9 5 0.63 
24.5 25 0.61; 
49.4 I) 0.50 
72 5 0.42 0.57 



Table B- 1 (continued) 

Timc 
after Cxposure C:orrectcd BcsL 

Sl.tkc slrot rill[. to H I 1  hour est imole 
locntion (hr) fmR/hr) fH/hr) (R/hr) 

1liA103 3.1 20 0.072 
5.5 14 O.Oli7 

27.1 1.0 0.020 
49.6 1.0 0.056 
72.5 1.2 0.102 0.07 

18A104 3.2 15 0.05G 
5.4 8 0.052 

72.5 0.7 0.059 0.056 

1 R(' 1 1.6 Rkl? Bkg 

I 8C.2 1.6 Bkg Bkg 

18C':i 1.7 Bkg Bkg 

1 H<'4 1.8 1.0 0.003 0.002 

1RC5 1.0 3.5 0.007 
4.7 1.0 0.006 0.00G 

IliCG 1.8 15 0.030 
4 -7 5 0.028 0.029 

Junction 1.0 2 0 0.04 2 0.042 
1 H<' und 1HI> 

1 8 ~ 7  1.9 3 0 0.063 0.063 

1 HCD 4.n 50 0.29 0.29 

I tlC10 4.11 4 5 0.26 0.26 

1 8 C l l  4.9 45 0.26 0.26 

1 1 1 i l l  4.7 5 0.028 0.028 

18112 4.!1 6 0.035 0.035 

181).7 5.0 7 0.042 0.042 

181M 5.1 7 0.04:3 0.04 9 

181)s 5.2 4 0.024 0.024 

181>G 5.2 2 0.012 0.012 

1 8 117 5.2 2 0 . 0 1  0.012 

lIII>H 5.3 1 0.006 0.006 

181)~  5.3 1.5 0.009 0.009 

181>10 5.3 1.0 0.006 0.006 

lnnll 5.4 1.0 0.006 0.006 

181)12 6.4 1.0 0.006 0.006 

IUD13 5.4 1 .O 0.006 0.006 

IGPOl 10.4 to 10.9 0.7 0.0009 
l o  12 lo 12.5 0.7 0.001 0.001 

l!JPtlO 

18 1'88 9.3 1.0 0.004 0.004 

lDP89 3.4 0.6 0.002 . 0.002 

Timr 
:~lli:r Exposure C'orreclcd n c s l  

Stukc shot t i  to N.+t hour estimate 
loc;~tion (hr) fmR/hr) (R/hr) (n lhr)  

1 9 ~ 9 ~  3.5 1.5 0.006 0. OOG 

l n ~ n 4  3.5 1.5 0.006 
26.4 Rkl: Bkg 0.006 

t DP95 :I. G 2 0.008 0.008 

19P96 3.6 10 0.042 
ZG.4 I 0.024' 0.03 5 

19P97 3.6 10 0.042 
26.4 I 0.029 0.035 

lnP98 3.67 10 0.043 0.043 

l9P99 3.7 10 0.043 0.043 

19PlOO 3.7 10.2 0.044 
26.3 1 0.028 0.036 

20A105 3.4 10 0.040 
5.4 5.6 0.035 

72.5 0.5 0.042 0.039 

20A 1 06 3.4 8 0.032 
5.4 4 0.024 

72.6 0.5 0.043 0.033 

20A 107 3.5 6 OiO25 
5.3 3 0.019 0.022 

2OAl DR 5.3 1.6 0.010 0.010 

20A 1 09 3.G 3.5 0.015 
5.3 1.5 0.009 0.012 

20A110 3.6 2.5 0.010 
5.3 1.6 ' 0.010 0.010 

20Al l l . 3.6 2.5 0.01 1 
5.3 I.!) 0.012 0.012 

20A112 3.7 2.5 0.01 1 
5.2 2.0 0.012 0.012 

20A113 3.7 2.0 0.009 
5.2 2.0 0.012 0.010 

20A114 3.7 2.5 0.011 
5.2 1.7 0.010 0.010 

2 0 ~ 1 1 5  3.7 3.0 0.013 
5.2 2.5 0.014 0.014 

2 0 A l l 6  3.7 3.5 0.015 
5.1 2.2 0.013 0.014 

20A117 3.H 3.5 0.016 
5.1 2.7 0.017 0.017 

20A 1 18 3.U 4.0 0.018 
5.1 3.0 0.018 0.018 

20A110 3.8 5.0 0.022 
5.05 2.5 0.015 0.019 

20A120 3.9 1.0 0.005 
5.0 2.3 0.013 0.009 

lnP90 3.4 0.7 0.003 0.003 2OA121 4.0 0.5 0.002 
5.0 2.0 0.012 0.007 

19P91 3.4 0.5 0.002 0.002 
20A122 4.0 L 0.002 

19P92 3.5 0.7 0.003 0.003 5.0 10 0.010 0.006 
n ~ k n  



Table B- 1 (continued) 

Time 
af te r  Exposure Corrected Hcfit 

Stoke shot  rate to H +I  hour cetimxtc 
lora tion (hr )  (mR/hr)  (H/hr)  (R/hr )  

20A12.7 5.0 2.2 0.013 0.013 

10A124 4 -0 2.0 0.004 
5.0 3.5 0.021 0.015 

20A 125 4.0 4.0 0.010 
5.0 5.0 0.030 

27 1.0 0.029 0.026 

20A126 4.1 6.0 0.024 
4.9 5.5 0.032 0.030 

20A127 4.1 8.0 0.039 
4.9 5.5 0.032 0.035 

Junction 4.3 5.0 0.025 
20A and 2 0 F  27 2.0 0.058 0.04 2 

20A128 4.0 6.5 0.038 0.038 

20A120 4.8 7.5 0.043 0.043 

20A 130 4.7 9.5 0.052 0.052 

20A131 4.7 13 0.07 2 0.072 

2 0 ~ 1 3 2  4.7 15 0.083 0.083 

20A 133 4.7 17 0.004 
26.7 2 0.05A 0.076 

20A 134 4.7 14.5 0.080 0.0110 

20A135 4 -7 16 O.OHR 
26.7 3 0.0116 0.087 

20A136 4.6 10 0.105 0.105 

20AlY7 4.6 19 0.105 
26.6 4 0.114 0.109 

20AL30 4.6 21 0.116 0.1lli 

20A 139 4.6 24 0.130 
26.6 4 0.114 0.122 

20A140 4.6 23 0.127 0.127 

2 0 ~ 1 4  1 4.6 2 1 0.1 16 
26.6 3.5 0.10 0.1011 

20A 14 2 4.4 24 0.124 
26.5 3 0.086 0.105 

20A143 4.4 26 0.137 
26.5 4 0.1 14 0.125 

20A144 24.9 5.0 0.135 
74.3 1.2 0.105 0.120 

20A145 24.9 3.0 0.08 1 
74.4 1.5 0.130 0.105 

20A146 2 5 4 0.1 OM 
74.5 1.3 0.114 0.11 1 

20E 1 25.5 1 0.028 0.020 

20EG 25.5 1 0.028 0.028 

2061 25.3 3 0.082 0.082 

2053 25.3 2.5 0.068 0.068 

205 5 25.3 2.5 0.068 0.068 

Time 
: ~ f t c r  JCwpoxurr Corrected R e s t  

Sli~kc shot rcalc lo 11 I1 hour estirn;ttc 
location (hr )  (rnR/hr) (IZ/hr) (It/hr) 

20.J7 25.4 2.0 (i.055 0.095 

20.1!1 25.4 1.5 0.04 1 n.04 1 

20.1 1 1 25.4 2.0 0.055 0.055 

20.1 IS 25.7 1.0 0.028 0. I1211 

20.1 19 25.7 Bkb? lJkg 

ZOPLOl 3.7 16 0.069 
26.3 2 0.057 
74.7 1.2 0.104 0.077 

20P102 3.7 :i 0 0.129 
26.3 :t O.OR5 
74.6 1.3 0.1 12 0. 10!1 

ZOP10:i 3.11 27 0.123 0.11:i 

20P104 3.11 25 0.111 
26.3 3 0.085 
74.6 1.3 0.114 0.1O:i 

20P105 3.0 23 0.103 0.103 

2 0 ~ 1 0 6  3.8 26 0.1 16 0.116 

1ntcrsec.tion 
30C :and 30G 2.4 Bkg RkL2 

3,;::: 1.6 tn 1.7 0.05 0.0001 0.0001 

30C15 1.7 0.05 0.0001 0.0001 

30C16 1.7 0.05 0.0001 0.0001 

3OCl7 1 .H 0.11 0.0016 
. 24 1.2 0.031 0.01G 

RO('1fl l.H 1.5 0.003 
24 1.2 0.031 0.0 17 

30('1!) 1 .H 10 0.020 
24 z 0.051 n.035 

30C20 I.!) 9 0 0.063 
7-4 n 0.07 7 
48.2 1 0.054 O.O(i5 

30C21 1.1) 3 5 0.074 
24.1 4 0.103 
411.2 1 0.054 0.0110 

30C22 2.0 80 0.178 
24.1 8 0.207 
48.2 - 9 0.100 
7 2 1 0.084 0. l l;-l 

30C23 2.0 200 0.446 
24.1- I li 0.4 15 
4R.2 3.5 0.190 
72 5 0.420 

144 < 1 4 . 1 6 0  0.4 27 

30C24 2.0 600 1.34 
24.2 40 1.04 
48.3 10 0.54 5 
72 12 1.01 

144 2 0.32 

30C25 2.0 1000 2.23 
24.2 7 0 1.82 
48.3 15 0.81 



Junction 24.6 
3OC and 301) 7 2  

144 

0.085 
0.053 
0.038 
0.109 

CO. 16 0.086 



Table B-2. Monitor readings F t marked locations other than road etakes. 

1)anny Uoy 1.9 60 0.127 0.127 1 1.-2:) 55 6 0.911 

- - 

'rime 
uher b:xpoeure Chrrccted Best  
shot rate Lo H+1 hour eetimatu 

I .or.i~tion (hr) (mR/hr) (R/hr) (R/hr) 

L-30 

1,-31 

1,-82 

1.-3.7 

1.-84 

L-35 

L-36 

L-37 

12-38 

L-42 

L-43  

Photo I 

'rime 
aflc:r Exposurc Corrcr.~cd H e s t  
stlot role lo  H.bl hour eslinlalr 

Lt,t.;~tion (hr) (mlt/hr) ( l i /hr)  (R/hr) 

146 4 0.64 
172 4 0.74 3.7 

Photo 3 1.66 nkpa n kg 

Towrr 1 26 6000 170 170 

Towcr 2 26 2000 54 54 
1 .- 27 53.5 1 0.06 

411. 1 0.9 0.05 0.055 Tower 3 26 110 3.1 3.1 

1.-2H 54.5 4 0 2.5 Towcr 4- 26 25 0.7 0.7 
4 9 20 1.1 1.1 I 

Towrr 5 26 I0 0.28 0.2R 



0.1 mi E 
of  30C45 
Nor th  r o a d  

Table B-3. Monitor readings at estimated locations. 

0.1 mi B 
of  30C46 
North road  

T i m e  
: ~ f l c r  I ~ x p o s u r c  f ' o r r ec ted  B e s t  

E s t i m a t e d  sho t  r a t e  tn l-l 6 1  hour  cstimatcL 
location ( h r )  ImRlhr l  ( I l lhrb (Rthr) 

- . -  

Nor th  r o a d  

Tim c- 
a f t e r  F:xpasurc r n r r c r t c d  l l ~ t ~ t  

I.:sti n~:dcd  shnl. r a t e  to H+1 hour  e n l i n ~ : ~ t c  
Inr ;~t i rm ( h r )  ( rnl i lhr)  ( I t / h r )  ( I l l h r )  

0.3 mi E 
of 30C4G 
North road  

0.4 mi E 
of 30C46 
North road  

0.5 mi E 
01 30C46 
North road 

0.6 mi E 
of 30C46 
South road  

0.6 mi E 
of 3OC46 
Nor th  ro:~tl 

0.7 mi E 
of 30C46 
Center road  

0.7 mi E 
01 30C46 
Soul11 mad 

0.45 mi E 
01 30C46 
Soul11 road  

Between 
30C.46 and 
30C47 

100 y d s  E 
o r  :{OC47 

Cliff S of  
Photo 1 

150 yds  S 
o r  ~ h o l n  I 

225 fL N 
or P h o t o  1  

460 11 N 
o r  Photo 1 

N E  r o r n e r  
tr:til c r  
p a r k  

F: Tcnc.a' 
t r a i l e r  
p a r k  

150 yds W 
n l  c r :+ t r r  

100 yds W 
o r  cr : t lcr  



A dix C 
Shot-Time Meteorological Conditions 

Table C-1 contains a brief summary of the observed shot-time meteorological 

data. 

Table C - I .  Meteorological data taken at Buggy I CP.  " 
-- - 

S u r f a r c  observat ion a t  nuggy I C'I'. 0903 PST, Murrh 12. l!)fifl 
Wc.;iLher 2/10 oltorumulus-8/10 r i r ros t r :~Lus  
Sky condition S r ; ~ t i e r e d ,  ovcrcus l  
Visibility l lnrcslr ic lcd 
ALmospl~erir  p r e s s u r c  114S.D mll l ib ;~rs  509.; f t  MSZ. 
T e m p e r a t u r e  10.6"C' 
Dew point t en lpcr ;~ iure  -6.9"C 
Rclativc humidity , :iO,5', 

Surface data (from RAOD) 5210 I t  MSI,, O!IQ:i 13S'l'. Marrh  12, 1!)6f1 
A tmospher i r  p r c s s u r c  040 mill ibnrs  
'rc:mpcrnture G.!JoC' 
Ilew point t e m p ~ r i i t i ~ r c  - 15.2"C' 
Ilclative humidity I !)"A, 

llppcr a i r  data a t  13ugg.y l C'P, 0!J0.1 PS'r, k4nrc.h 12, 106fi 

Relative 
Ilcight Wind P r e s s u r c  'rc!rnper:~iurc ))caw point humidity 

(rt MSL) (degfkts)  (mb ) ("C I ("C) ('58) 

-- - - - 

: I .  . I he Ruggy ('1' w;ls :about 7.5 mi les  EN*: of (3%. 

h ' ~ * h ~  s ~ r r n r e  wind :IL Tower  1, 2200 ft SW or (;z was I ! )O/  I2 a1 0!)05 Ps.1 . 



Appendix D 
Selected Decay Curves 

This appendix contains the individual best fit, normalized gamma decay curves 

(Figs. D-1 through D-5) used to produce the early-time decay curve shown in Fig. 4. 

0.01 
1 10 1 00 lo00 

Time - hours 

Time - hours 

, Fig. D- 1. LRL gamma telemetry 
station 4. 

Fig. D-2. LRL gamma telemetry 
station 12. 



0.01 
1 10 100 1000 

Time - hours 

Fig. D-4. LRL g a m m a  telemetry 
station 30. 

Time - hours 

Fig. D- 3. LRL g a m m a  telemetry 
station 23. 

Time - hours 

Fig. D-5. LRL gamma telemetry 
station 3 1. 
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